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to FN and other adhesion ligands and on the modulation of keratinocyte adhesive ness that occurs during wound healing.
R E S U L T S
In vitro activation of keratinocyte F N receptor function
Several years ago it was suggested that laminin was the adhesion ligand specific for epidermal cells (Terranova et al. 1980 ; Kleinman et al. 1981) , but other studies did not support this idea (G ilchrestei al. 1982; Stenneia/. 1983 ). Subsequently, we and others examined the adhesive properties of cultured human epidermal cells and found that FN was indeed an adhesion ligand for these cells that promoted not only cell attachment and spreading, but also, phagocytosis and motility (Takashima & G rinnell, 1984 (Takashima & G rinnell, , 1985 ; O' Keefe et al. 1985; Clark et al. 1985) . Moreover, FN also promoted the migration of corneal epithelial cells (Nishida et al. 1985) .
In the course of our experiments, we found that epidermal cells freshly isolated from human skin, unlike cultured cells, were unable to attach to FN substrata in short-term (45 min) assays (Takashima & Grinnell, 1985) . Subsequently, we studied the onset of FN adhesion function during epidermal cell culture. After different periods of culture, cells were harvested using the same combination of dispase and trypsin treatments used to harvest cells from skin. Then, the adhesiveness of the harvested, cultured cells was tested in short-term assays on FN-coated substrata (Fig. 1) . In contrast to freshly isolated cells or cells from 2-or 4-day cultures, about 25 % of the cells harvested from 7-day cultures were able to attach, and 75 % of the attached cells were spread. Adhesiveness to FN reached its maximal level in cells harvested from 10-day cultures. The activated epidermal cells were found to be basal keratinocytes, on the basis of indirect immunofluorescence staining with bullous pemphigoid (BP) serum. It should be noted that the onset of adhesiveness to FN occurred similarly in medium that contained complete serum or FN-depleted serum. Therefore, the activation effect was not simply a consequence of increasing the level of exogenous FN in the medium to which the cells were exposed.
T o test whether the activation of keratinocyte FN receptor function was a consequence of dissociated cell culture, studies were performed with epidermal explant cultures. Skin explants were maintained for 9 days, during which time extensive outgrowth of epidermal cells occurred. Then the cells from the central explant region and the migration region were harvested separately and tested for adhesion (Table 1) . Consistent with the above results, keratinocytes that had migrated out of the skin explants were enhanced markedly in their attachment and spreading on FN substrata compared with non-motile keratinocytes that remained behind.
Activation of keratinocyte adhesion to F N in vivo
We also analysed the activation of FN receptor function during wound healing in vivo (Takashima et al. 1986 ). In these studies, rabbit ear epidermal cells were transplanted onto full-thickness wound beds that had been prepared on the backs of Keratinocyte F N receptors the same rabbits (Fig. 2) . At various times after transplantation, biopsy samples were taken from the wound beds, and cells harvested from the biopsies were tested for adhesion to FN. Keratinocytes in the biopsy samples were identified by indirect immunofluorescence staining with anti-keratin antibodies (Fig. 3) . It was found that keratinocytes harvested from 3-day grafts were able to attach and spread on FN substrata (Fig. 3A,B) , unlike keratinocytes freshly harvested from ear skin (Fig. 3C,D) .
Quantification of the results (Fig. 4) showed that there was a dramatic increase in the ability of keratinocytes to attach and spread on FN substrata, and this activity "Fable 1. Plasma FN-mediated attachment and spreading of cells in explant cultures
Central explant region 9-4 ± 1-3 2-5 ± 0-5 Migi'ating region 44-7 ±0-1 70-0 + 2-0 Skin explants were cultured for 9 days. Incisions were made along the edges of the explant, after which the samples were treated with dispase. The migratory and central explant regions were separated and then subjected to trypsin to prepare single cell suspensions. Attachment and spreading on FN substrata were measured after 45 min. Data shown are the means and s .d. from duplicate experiments. Details are given by Takashima & Grinnell (1985) . Rabbit ear epidermal cells were transplanted onto full-thickness wound beds that had been prepared on the backs of the same rabbits. At various times after transplantation, biopsy samples were taken from the wound beds, and cells harvested from the biopsies were tested for attachment and spreading on FN substrata in 2-h assays. For details see
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Takashima et al. (1986) .
reached a maximum in cells isolated from the graft bed 3 days after transplantation. A similar activation occurred in the ability of cells to bind and phagocvtose FNcoated beads. Subsequently, FN receptor function returned towards the resting level in cells isolated around the same time that the epidermis was reconstituted. These results led us to suggest that activation of keratinocyte FN receptor function might be necessary for migration of keratinocvtes through the wound matrix.
Specificity of keratinocyte adhesion to F N
One explanation for the activation of keratinocyte adhesion to FN was a general increase in cell adhesiveness. To test this possibility, we studied the ability of freshly isolated and cultured cells to attach to substrata other than FN (Toda & Grinnell, 1987 ). The other substrata tested were laminin and type IV collagen-containing basement membrane matrix produced by HR-9 cells, collagen (95 % type I), and the lectins concanavalin A and wheat-germ agglutinin. Freshly isolated epidermal cells were able to attach to basement membrane matrix, collagen and lectins ('Fable 2). It could be concluded, therefore, that these cells had adhesion receptors for ligands other than FN. Significantly, however, no spreading of the attached cells was observed on any of the adhesion ligands.
About 28 % of the cells in the freshly isolated epidermal preparations were basal keratinocvtes. Of the cells that attached to basement membrane matrix and collagencoated substrata, however, about 80% were BP-positive ('Fable 2). Therefore, more than 90% of the basal cells in the preparation had attached to these substrata. The selective attachment of basal keratinocvtes to collagen substrata was also found by others (Stanley et al. 1980) . The lectin-coated substrata, on the other hand, were not selective for basal keratinocvtes since the percentage of basal cells that attached to these substrata was the same as the percentage of these cells in the epidermal preparation ('Fable 2).
The adhesiveness of cultured epidermal cells to substrata other than FN also was tested (Fig. 5) . Unlike cell attachment to FN-coated substrata, there was little change in the ability of cultured cells to attach to collagen or lectin-coated substrata. That is, the extent of cell attachment measured with freshly isolated cells ( 0) was similar to the extent of cell attachment measured with cells harvested from 9-day cultures or 22-day cultures. Similar results were obtained for cell attachment to basement membrane matrix. Since there was an increase in cell attachment to FNcoated substrata but not to the other ligand-coated substrata, we concluded that the activation of cell attachment to FN was specific.
In addition to the selective activation of FN attachment activity, we observed a coordinated pattern of cell spreading activation that was independent of the substratum (Fig. 6) . That is, freshly isolated cells did not spread on any of the adhesion ligands tested, but more than 50% of the cells harvested from 4-day cultures were able to spread. With cells that were harvested from 9-day cultures, about 80% of the cells that attached were observed to spread. On the basis of the Freshly isolated epidermal cells were incubated for 45 min on the substrata indicated (6 dishes per substratum). Duplicate samples were used to determine cell attachment and spreading, keratinpositive cells, and BP-positive cells . Data shown are the averages and S.D. from four separate experiments. Details are given by Toda & Grinnell (1987) . BM, basement membrane; ConA, concanavalin A ; WGA, wheat-germ agglutinin.
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205 simultaneous onset of cell spreading activity that was independent of the ligand on the substratum, it seemed likely this was a general activation process.
Samples from the experiments with cultured cells were also analysed to determine the percentage of attached cells that were basal keratinocytes. Most of the cells harvested from 22-day cultures that attached to FN and collagen substrata were basal As already mentioned above, keratinocyte adhesiveness to FN was activated if FNdepleted serum was used in the cell cultures. We also measured keratinocyte adhesion to FN, collagen and basement membrane matrix after culturing cells on these substrata. The chemical composition of the substratum on which the cells were cultured, however, did not appear to affect the subsequent adhesiveness of the cells ( Table 3) . 45-4 ±7-9 51-0 ± 9-9 45-4 ±8-9 59-7 ±6-0 86-1 ±7-7 71-9 ± 5-4 81-6 ± 3-9 77-4 ±6-4 32-0 ±4-4 37-6 ±4-9 34-8 ±2-1 29-9 ±9-5 24-2 ±3-6 18-7 ±4-1 24-1 ±4-7 16-5 ±7-1
Analysis of keratinocyte F N receptors
Epidermal cells were cultured on the substrata indicated for 8-11 days (until confluency). The cells were harvested, duplicate samples were incubated for 45 min on the test substrata shown, and cell attachment (Att.) and spreading (Sp.) were determined. Data shown are the averages and S.D. from four separate experiments. Details are given by Toda & Grinnell (1987) . We are indebted to Dr William Snell for his helpful comments regarding this manuscript. This research has been supported by a grant from the NIH (GM31321). C l a r k , R. A. F., L a n ig a n , J. M ., D e l l a P e l l e , P ., M a n s e a u , E., D v o r a k , H . K o n o , I ., M a ts u m o to , Y ., K a n o , K ., Is h ib a s h i, Y ., N a ru s h im a , K ., K a b a s h im a , T ., T a m a n e , T ., S a k u r a i, T . & K a s h iw a ti, H . (1985) . Beneficial effect of topical fibronectin in patients with keratoconjunctivitis sicca of Sjogren's syndrome. J. Rheumatol. 12, [487] [488] [489] . 
